Prevalence of iron deficiency and its associated risk factors among primary school children in Kelantan by Halib, H et al.
           Journal of Fundamental and Applied Sciences




PREVALENCE OF IRON DEFICIENCY AND ITS ASSOCIATED RISK FACTORS 
AMONG PRIMARY SCHOOL CHILDREN IN KELANTAN
H. Halib1,*, W. M. W.
1Dietetics Programme, School of Health Sciences, Universiti
Kuala Terengganu, Terengganu, Malaysia
2Nutrition Programme, School of Health Sciences, Universiti Sains Malaysia, 16150 Kubang 




Iron deficiency anemia (IDA) is the most common micronutrient deficiency 
serious health problems such as poor 
The main objective of the study was to investigate prevalence of IDA and its associated risk 
factors of school children. A cross
school children (122 males and 
drawn for hemoglobin and serum ferritin analysis. Results revealed that the prevalence of iron 
deficiency without anemia was 12.6% and 7.7% of the children was found to have iron 
deficiency anemia. Result showed that birth weight
was correlated significantly with iron deficiency based on serum ferritin concentration. 
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Iron deficiency is a major nutritional deficiency and continues to be an important public 
health problem in both industrialized countries and developing countries including Malaysia 
[1]. The prevalence of anemia in developing countries is said to be three to four times higher 
than that in industrialized countries. In 2002, the World Health Organization (WHO) 
estimated anemia due to iron deficiency was one of the ten most important factors 
contributing to the global burden of disease which increases morbidity and mortality in 
children and pregnant women [2]. WHO also estimated that about two billion people are 
anemic, and about 50% are due to iron deficiency [3].  
Several studies have shown serious consequences of anemia including impaired cognitive 
performance [4], behavioral disturbances [5], lower immunity to infections leading to 
increased risk of mortality and morbidity [6] and also pregnancy complication e.g. low birth 
weight babies [7]. It also has deleterious effects on school academic performance [8], decline 
in reproductive performance, physical performance as well as work capacity in adults [9-10].  
According to Administrative committee on coordination/Subcommittee on Nutrition 
(ACC/SCN) [9], pregnant women, pre-schoolchildren and young children aged 5-14 years 
were identified to be a group of high-risk for IDA due to their high iron requirements. 
Prevalence of IDA was reported to be as high as 50% among East Asian school children and 
60% among children less than 5 years of age [11]. Even in developed countries such as the 
United States, iron deficiency anemia has the highest prevalence among women and young 
children [12]. 
Malaysia is one of the developing countries where iron deficiency has been reported to be one 
of the most important micronutrient deficiencies in the country [13]. Moreover, several 
studies on IDA in Malaysia also highlighted the problem of IDA among infants, children, 
adolescent and pregnant women [14-15]. A study conducted in Malaysia demonstrated high 
prevalence of anemia and IDA among aboriginal schoolchildren aged 7-12 years with almost 
49% of the children were anemic and 70% of the anemic cases are due to iron deficiency [16]. 
High prevalence of anemia where it is reported that 54.9% of the children aged 7-12 years had 
iron deficiency and 16.9% had iron deficiency anemia [17].  
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In Malaysia, iron deficiency anemia has been reported as one of the most important 
micronutrient deficiencies for the past several decades. This study is important as data on iron 
deficiency anemia among school children is limited, especially in Malaysia where most of the 
studies often focus on pregnant women and very young children. However, it is crucial to 
know the iron status of the school children and its associated risk factors as it is known that 
IDA may lead to poor mental and educational performances. 
 
2. RESULTS AND DISCUSSION   
2.1. General Characteristics of the Children 
The study involving 269 children, where all of them are from Malay ethnic group with a 
proportion of 48.5% (n = 127) male and 51.5% (n = 135) are female. Age of the children 
ranged from 6 to 10 years with mean ± SD of 8.01 ± 0.9 years. Table 1 show the average of 
household income was around RM1000/month. The average household size was 6.96 person 
with almost half of them living in medium household sizes comprising 5 to 8 members per 
household. Regarding household income per kapita, almost three quarter (77.7%) of them 
were categorized as poor and hard core poor. Results showed that 10.6% of them were born 
with a low birth weight (< 2.5 kg) and majority of them about 96.8% were breastfed with 87.2% 
were breastfed up to more than 6 months (Table 1). 
Table 1. General characteristics of the subjects 
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Results in Table 2 showed mean z-score values for height-for-age, weight-for-age and 
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BMI-for-age were -1.03± 0.88, -0.88 ± 1.31 and 15.56 ± 2.81 respectively with no significant 
difference was found between boys and girls. Results for BMI-for-age indicated that 5.6% and 
6.9% of the children were overweight and obese. In general, data on weight and height (Table 
2) of school children in this study indicated that malnutrition is still prevalent among these 
rural school children. Findings from this study also reported that more male children were 
found to have higher prevalence of stunting, underweight, thinness as well as overweight and 
obese compared to female. Boys were more likely to suffer from under nutrition than girls are 
likely due to the increase nutritional needs in boys than girls [18]. Overweight and obese 
reflecting over nutrition does co-exist with under nutrition in these subjects. The co-existence 
of both under nutrition and over nutrition in this study could be due to the interrelating factors 
such as food intake, socio economic status as well as family dynamics. 
Table 2. General characteristics of the subjects 
2.2. Prevalence of Iron Deficiency and its Associated Risk Factors 
It is estimated that most of the children and pregnant women in developing and developed 
countries are suffering iron deficiency [19]. Finding from the present study demonstrated that 
12.6% (26/207) of the children had ID and 7.7% (16/207) had IDA (Table 3). Higher rates 
were reported in other local studies. Study done by [17] among rural children in West 
Malaysia reported the prevalence of ID and IDA was 54.9% and 16.9% respectively. When 
compare to data from other countries, present study demonstrated a relatively higher 
prevalence of ID and IDA as compared to countries such as Brazil and South Africa [20-21]. 
Iron deficiency appeared to be the dominant cause of anemia where more than half (60%) of 
the anemic children in this study had iron deficiency (Table 3). 
Anthropometric  
Parameter 
Boys Mean (SD) 
N = 117 
Girls Mean (SD) 
N = 116 
Total Mean (SD) 
N = 233 
Height (m) 1.21(0.07) 1.21(0.06) 1.21(0.07) 
Body weight (kg) 23.19(6.78) 22.82(5.74) 23.01(6.28) 
Body mass index (kgm2) 15.63(3.07) 15.48(2.53) 15.56(2.81) 
Height-for-age -1.0670(091) -0.966(0.84) -1.0319(0.88) 
Weight-for-age -0.9378(1.47) -0.8567(1.13) -0.8784(1.31) 
BMI-for-age -0.5001(1.45) -0.4151(1.19) -0.4678(1.33) 
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Table 3. Status of iron among the children 
This finding was inconsistent with the results from other studies which have also reported that 
iron deficiency accounted for almost half of the cases of anemia in Malaysia [17, 22-23]. In 
contrast, study conducted among 427 school children in Thailand has reported a high 
prevalence of anemia (19.4%) with a relatively low prevalence of IDA (4.1%) suggesting that 
IDA may not be the most common causes of anemia in this area and could be attributed to 
thalassemia traits as screening test showed that two-thirds of the children were positive for 
thalassemia traits [24]. However, present study had screened and excluded those who 
suspected to have thalassemia trait, STH infection and anemia of other causes which have not 
further investigated in this study. 
Boys had higher percentage of iron deficient compared to girls with 22.1% and 18.4% 
respectively. Total of children who had deficient for hemoglobin (Hb < 11.5 g/dL) and ferritin 
(SF < 15 µg/L) concentration was 7.7% and 20.3% respectively. Independent sample T-test 
shows no significant difference (p > 0.05) was observed in the mean concentration for both 
hemoglobin and serum ferritin between boys and girls. Result on t-test showed no significant 
difference in the mean for hemoglobin and serum ferritin between boys and girls. The present 
findings are in general agreements with other studies, which have also reported that no 
significant difference was found between females and males children [22]. On top of that, the 
level of Hb and serum ferritin of the children aged of 1 year until 10 years old was also found 
to be constant for both boys and girls [25]. However, findings from other studies among rural 
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children and adolescent demonstrated female subjects have significantly lower iron status than 
the male counterparts [15]. This is due to the physiological iron losses during menstrual 
bleeding and thus it increased the body iron needs among females adolescent [23]. As for 
present study, it only involved children aged 7-9 years old and none of our subjects had 
menarche, therefore no significant differences was found for both mean for hemoglobin and 
serum ferritin between boys and girls. Besides, in [26] have reported that in pre-pubertal 
humans, no major differences can be found between the sexes in red blood cells count or 
hemoglobin and serum ferritin concentration. The difference emerges only after the onset of 
menstruation. Menstruation is the main cause of iron losses in women and it is considered as 
normal to find a lower iron status value in women compared to men at this point of time [27].  
Result in Table 4 indicates the correlation between family and child characteristics with iron 
status. Result showed that birth weight, household size, height for age, weight for age and 
BMI for age was correlated significantly with serum ferritin concentration. The result implied 
that children who were born with higher birth weight will have higher serum ferritin 
concentration. Children who had a lower household size also had a better iron status. 
Table 4. Correlation between birth weight, father’s and mother’s education, household 
income, household size, breastfeeding duration, weight-for-age, height-for-age and BMI for 
age z score with haemoglobin and serum ferritin concentration 
Characteristics Haemoglobin  
Conc (g/dL) 
Serum Ferritin  
Conc (ng/mL) 
Age r = 0.203, p < 0.05 r = 0.037, p = 0.593 
Birth weight (kg) r = 0.079, p = 0.294 r = 0.162, p = 0.030 
Father’s education (y) r = 0.050, p = 0.487 r = 0.113, p = 0.114 
Mother’s education (y) r = 0.015, p = 0.830 r = 0.019, p = 0.787 
Household income (RM/month) r = -0.048, p = 0.499 r = 0.081, p = 0.255 
Household size r = -0.007, p = 0.916 r = -0.228, p < 0.01 
Breast feeding duration (month) r = 0.189, p < 0.01 r = -0.081, p = 0.259 
Weight-for-age, z score r = 0.151, p < 0.05 r = 0.234, p < 0.01 
Height-for-age, z score r = 0.004, p = 0.951 r = 0.222, p < 0.01 
BMI for age, z score r = 0.167, p = p < 0.01 R = 0.229, p < 0.01 
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Further analysis was done to determine the relationship between family and child 
characteristics with status of iron of the children by using t-test. Result indicated that there 
were significant differences in birth weight, household size and nutritional status of the 
children height for age, weight for age, BMI for age) between children with iron deficiency 
and children without iron deficiency (Table 5). 
Table 5. Socio-demographic and anthropometric measurement between children with iron 
deficiency and children without iron deficiency 
Characteristics Iron Status P- Value 
Iron Deficient Normal 
Age 7.96±0.86 8.08±0.88 0.444 
Birth weight (kg) 2.86±0.42 3.09±0.49 0.007 
Years of fathers education 8.66±2.96 8.96±3.27 0.607 
Years of mothers education 9.55±2.41 9.22±3.18 0.545 
Household income 926.25±799.19 956.98±1159.28 0.874 
Household size 8.01±1.72 6.82±1.88 0.000 
Duration of reast feeding (months) 18.88±9.14 19.60±8.96 0.646 
Weight for age, z score -1.44±1.05 -0.81±1.36 0.001 
Height for age, z score -1.36±0.98 -0.98±0.84 0.013 
BMI for age, z score -0.80±0.94 -0.40±1.39 0.033 
In the multivariate models, researchers included those demographic variables that were found 
significantly associated with the dependent variable in bivariate analyses. These variables 
included are age, gender, birth weight, household income, household size, duration of breast 
feeding, height for age-zscore, weight for age-zscore and BMI for age-zscore, Simple logistic 
regression was applied to determine the potential variables, which were of great values for the 
recurrence of ID. Variables having p-value of less than or equal to 0.25 were included to 
proceed for further multivariable analysis. Multiple logistic regression method was applied to 
determine the factors associated with the recurrence of ID. 
Variable selection method with backward stepwise likelihood ratio option was applied. After 
that, preliminary main effect model was obtained. Interactions among independent variables 
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were checked by creating clinically meaningful two-way interaction terms by using likelihood 
ratio test. Multi co-linearity was checked by observing correlation coefficients produced by 
co-linearity matrix among independent variables as well as size of standard errors of each 
independent predictor variables. Preliminary final model was obtained at this stage. The 
model fitness was then checked by Hosmer-Lemenshow goodness-of-fit test, classification 
table and area under Receiver Operation Characteristic (ROC) curve. Final model was 
obtained at this stage. Final results were presented by using crude and adjusted odds ratio with 
95% CI and corresponding P-value.  
Results in multiple logistic regressions demonstrated that ID is associated with birth weight 
(odds ratio [OR] = 0.023, 95% CI, 0.151, 0.872, p = 0.023) and household size (odds ratio 
[OR] = 1.435, 95% CI, 1.164, 1.768, p = 0.001), while other variables such as height for 
age-zscore, weight for age-zscore and BMI for age-zscore were not significantly related 
(Table 6). These results confirmed those previously shown (Table 3) that iron deficiency 
correlated significantly with household size and birth weight. Better iron status was associated 
with lower household size and higher birth weight. In [28] showed that family size was 
associated with a higher risk of low iron levels. Study by [29] also showed higher prevalence 
of iron deficiency anemia was also associated with larger family size (> 6 member). 
Table 6. Multiple logistic regression analysis of factors associated with iron deficiency with 
or without anaemia 
Variables B SE OR 95% CIs P-Value 
Birth weight -1.013 0.447 0.363 (0.151,0.872) 0.023 
Household size 0.361 0.107 1.435 (1.164,1.768) 0.001 
Height for age, z score 0.028 0.304 1.029 (0.567,1.869) 0.926 
Weight for age, z score -0.422 0.294 0.655 (0.369,1.166) 0.15 
BMI for age, z score 0.129 0.232 1.138 (0.722,1.792) 0.578 
Other studies reported that mothers’ educational level plays an important role in the iron 
status of school children [28]. However, the present study found no significant correlation 
between mothers’ education and prevalence of ID in children. This may be due to the small 
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variation in the mothers’ educational levels in our sample. This result is in agreement with 
other study where no significant correlation was also found between mother’s education and 
status of iron [29]. It was also stated in other study that as the number of persons living in a 
house increase, their standard of living will be affected thus their expenditures will increase 
and share of food in expenditure will ultimately decrease which finally causes food insecurity 
[30]. Birth weight was also found to be one of the risk factors to develop iron deficiency 
among children [29]. 
Other than low socioeconomic and nutritional status of children, poor dietary intake was also 
found to be the main contributing factor in the higher iron deficiency anemia rates in young 
children from low-income households [31]. The total amount of iron in the body is 
determined by its iron intake, absorption, loss and storage. In children, risk factors for iron 
deficiency include diet poor in iron, poor in iron enhancers and diet rich in iron inhibitors 
such as polyphenols (certain vegetables), tannins (in tea), phytates (in bran) and calcium (in 
dairy products). However, dietary intake was not documented in our study and it needs to be 
further investigated. Other contributing factor is due to helminthic infection where it often 
reported among aboriginal children and children living in oil palm plantations as a result of 
poor hygiene and sanitary practices [16]. 
The present study has several limitations. Firstly, finding in this study was a cross sectional 
study therefore direct casual association between ID and its determinants could not be 
identified. Moreover, a result on iron status was depended solely on serum ferritin as the 
indicator. Although serum ferritin is well known for its stable biomarker for iron status, serum 
ferritin tends to be elevated during the presence of acute or chronic inflammation due to 
infections [32]. However, present study had screened and excluded those who had positive 
result and confirmed to have STH infection and thalassemia trait. Though, it is suggested to 
include other indicators such as C-reactive protein to indicate whether a normal or high level 
of ferritin is representing adequate of iron store for future study. 
 
3. EXPERIMENTAL 
3.1. Study Area and Subjects 
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This cross-sectional study was conducted in six primary schools selected randomly from a list 
of schools in Bachok’s district, Kelantan where most of the residents are Malays and worked 
as a farmer and labourers. Data were collected between May and September 2009. School 
children aged 7-9 years comprising 127 males and 135 females were participated in this study. 
All the subjects were selected using systematic sampling from the school registry. Ethical 
approval was granted by the Human Ethics Committee of Universiti Sains Malaysia. 
Permission to conduct the research in the selected schools was obtained from the Ministry of 
Education, Malaysia and Kelantan State Education Department. A letter with a clear 
explanation about the objectives and research protocols was given to the parents of the 
children through the class teachers. Written consent and assent form were obtained from both 
the parents and the children before commencement of the research. 
3.2. Structured Questionnaire 
Questionnaires on demographic and socioeconomic data were completed by the parents. The 
information gathered included age, gender, ethnic group, number of children and birth order 
of the child understudy, parent’s education level, occupation and household income. 
Information for birth weight was also included in the questionnaire. 
3.3. Anthropometric Measurements 
Measurement of body weight and height were performed according to standard procedures. 
Body weight was measured by weighing the children with school uniforms, without belt, 
shoes and socks by using digital scale (TANITA Corporation, Japan) with an accuracy of 0.1 
kg. Height was measured using a microtoise tape (Secabodymeter 208, Hamburg Jermany) to 
the nearest 0.1 cm. Anthropometric measurement were taken twice. Third measurement was 
taken whenever there are any discrepancies for the first two measurements. Mean average 
values were used for the final analysis. Mean z score were calculated and nutritional status 
was classified based on WHO 2007 references [3]. 
3.4. Iron Status Determination 
Blood specimen was taken at the school by the doctors and nurses. About 2.5 ml of blood was 
collected into each tube, 1.5 mL of the blood was placed into EDTA 
(ethylene-diamine-tetra-acetate) tube for the analysis of full blood count and screening of 
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thalassemia and the remaining 1 mL was collected into micro-centrifuge tube (plain tube) for 
the estimation of serum ferritin.  
Hemoglobin and red cell indices were analyzed using hematology analyzer Sysmex XE-2100 
(Sysmex Corporation, Kobe, Japan). Sample of serum was used to determine blood ferritin by 
using the AxSYM Ferritin based on a microparticle enzyme immunoassay (MEIA) procedure 
(MEIA: AxSYM System, Abbot Diagnostic, US). Children were classified as iron deficient 
based on serum ferritin value of < 15 µg/L and categorized as anemic if the hemoglobin 
concentration value of < 11.5 g/dL [19]. 
3.5. Statistical Analysis 
All the statistical analysis was performed by using the program Statistical Package for Social 
Sciences (SPSS) version 12. Distribution of the data was assessed by descriptive analysis and 
all variables were tested for normality before any statistical analyses were made. The results 
are presented either as means and standard deviations (SD) or as proportions (%). The results 
are presented as the mean and standard deviation (SD) or proportion (%). The Pearson 
correlation coefficient test was used to determine the relationship between socio-demographic 
and anthropometric variables with iron status. P-value of < 0.05 was considered as 
statistically significant. One-way ANOVA test was performed to assess if there is any 
differences for socio-demographic and anthropometric variables between children with iron 
deficient and children with normal iron status. A multiple linear regression analysis was done 
to determine the associated factors for iron deficiency. 
 
4. CONCLUSION  
In summary, our findings show a high prevalence of iron deficiency. Family and child 
characteristics such as household size and birth weight were found to be associated 
significantly with the prevalence of iron. The problem of ID with or without anemia not only 
has physiological consequences to humans, but it also has serious implications for economic, 
social and cognitive development among school children. As IDA is a common treatable 
condition therefore it is important for the health personnel particularly those working in 
primary health clinics to determine and treat IDA. This is to avoid its further consequences on 
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cognitive abilities among the school children as well as to improve the quality of life in this 
group of population. 
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